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(54) TARGET AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a target capable of stably forming a transparent conductive 
film in which the sheet resistance is approximately regulated to 800 to lOkQ/square by a d.c. sputtering 
method and to provide a method for producing the same. 

SOLUTION: Indium (In) and at least one kind of metallic elements selected from the groups consisting 
of titanium(Ti), iridium(Ir), yttrium(Y), chromium(Cr), zircomum(Zr), hafnium(Hf), tantalum(Ta), 
cobalt(Co), bismuth(Bi) and manganese(Mn), and oxygen(O) are used as constituting elements. Then, 
the atomic ratio of the total content of the metaUic elements selected from this group (total metallic 
atoms/(In + total metallic atoms) is regulated to 2.0 to 40at%, and the volume resistivity is regulated to 
>5xl0-2Q.cm is used as a target. 
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(54) [«M(D«»3 fi-yyh^^V^OWS^ 



(57) [Si|S?ll 

J; o r S^f •5>IS(='l$ffl *^Tt^■S1ie*a)iSfl^^!t<D 
-O'l^'^M. {I n) t. (T 

i ) , -r 'je?'i7i» ( I r) . h'j';7A (Y) , -^a 

A (C r) , v;U3^0A (Z r) . — (H 
f) . (Ta) . a/'CyUh (Co) . t';^-7X 

(B i) *JJ:i;v>**> (Mn) *^C>^5:S»<fc 

*lf='»tf < <bt ia(D#S7£m<b:. (O) <k^«fi6 

tfc (±*S11^) / (I n+±#mJS^) *<2. 0-4 
Oat%. tt:affifit**<5 X 1 o-2q • c mElT-efc-5K 
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[IS*«1] ^Vv'i^A (In) t. (T 
i) , -fijv't^A (I r) . >r*VhU't7A (Y) . <7D 
A (C r) , v;U=i:^OA (Z r) . /\y-^Jx (H 
f) , '$'>^;U (Ta) , =J/<yUh (Co) . eXTX 
(Bi) ts^U^>iil^ (Mn) 7S)^t)^>:-SScfeyS«^* 

*tfc'>nc<<t=fc i®cD^H5c^<t. (o) <t*«ia 

it i^^mm'f) y (i n+±^Bi^^^) ;!)<2. o-'4 

1 0-2Q - cmlilT-efc-&Ci:=^*#a<b:-r-&^— 

[IS*:® 2] -fVi^'t^A (In) fc<*;i;^ (Sn) 
i:. ^di>(Ti).>rU i^'t? A (I r ) . >r h 'J O 
A(Y). ^□A(Cr). i>Ji^z\-OMK (Z r ) . /\ 
y-^U^ (H f ) . 'SiV'^iyU (Ta) . =l/\VUh (C 
o) . exvx (Bi) *>cfel/-7>:tf> (Mn) ;b^t>* 

(o) t^mmytrntL. mrfH-rvv'i?^ (i n) (;>ii 

TJt I n/ ( I n+S n+±#aS^) 7!)<6 0-9 5at 
%. SrTlHffi (S n) a>/g^=-itS n/ ( I n + S n+±* 
mm^) ■f}<2. 8'-2 0at%. HfrfE^>V't7A (In) 
tmum (S n) <!:<D^M(7>lS^it ( I n+S n) / 
( I n+S n+±#JgjS^) 2. S-gSat^i). fj 

^) (I n+Sn+^#MlE^) ;t)<2. 0-3 7. 2 

at%-t?fe-g)®^tifeiJSSSt*;6^i^*y. <*m»tn:^/)<5 X 1 
0-2Q ■ cm\;iTV&^:ztiS:^mt^^^—fv ho 

[SS*^i3] ^>v't7A (In) ^1b1^<t. 

(T i) , ^'Jv't^A ( I r) . hU^A (Y) , 

^□A (C r) , v;U=|-'t7A (Z r) . — •t'A 

(Hf) . (Ta) . =i/<;H- (Co) . ex 

VX (Bi) ^>cfct/^V>:f3> (Mn) :6^^?^cf:^l*cfcyil 

^>i>OJx ( I n) (T i ) . >f g V't^A 

(I r) , >r hU't^A (Y) . <7aA (Cr) . v;U 
a-':7A (Z r) . /\y=L^M< (H f ) , (X 
a) . =]/<;Uh (Co) . eX^X (B i) *5cfci;v> 

(Mn) fi^ihf6:hm^^)m9i^*lfz^PU<t=b^m 

(o^mytrnt. mm (o t^mmjzmtL. mnm^ 

(I n+^#Sll^) 3(><2. 0~4 0at%t?. tt^mStS 
**<5 X 1 0-2Q - om\ilTX&^Skitmm^t^f3''^tii 



[lS*^i4] >r>v't?A (I n) ^^bi^fccfci/fis (s 

n) ^<b4^<t. (T I) . >f •;i>'l7A (I r) . 

>f.yh'JOA (Y) . ^QA (Cr) , v;U=l^';7A 
(Z r) . /\:7-H7A (H f ) , (Ta) . =1 

/<;uh (Co) . ex^x (Bi) fccfeI/T>:tr> (M 
n) A^^>*^l¥J:yS«**l^c'>*<<tt laO^MTU 
mlcol^r(Dil<b«g<^:(7>;S^it^b«3^^#^JS*4laSx8 

MBM*4iasaxgT?i#ii+L^c;i^K^bi&*;a}^^i)iaff^ 

-r>ix':?A (I n) ^Scfci;^ (Sn) <t . > (T 

i) . -r'jv^'i7A ( I r) . -r*v hU'i^A (Y) , 

A (Cr) . v;U=i-»t7A (Zr) , /\3?-0A (H 
f) . ^>^;U (Ta) , =l/<;Uh (Co) . t*XVX 
(Bi) tecfcor-TV^*!/ (Mn) jbNb^f'SScfcyS^* 

*Lfc'>>S<^t lao^HTcmi!:. (O) t^mwu 

7£m<tL. Hfrta-Ov'^A (in) CDJl^ltl n/ (I 
n + S n+^#JBS^F) 3!)<6 0-9 5at%. USB^ (S 
n) OlS^ltS n/ ( I n+S n+^#lBjS^) *<2. 
8-2 0at%. |iHH-r>i:>'t7A (In) <hfIfE^ (S 
n ) t O^aO/S^Jt (I n+Sn) / (I n + Sn + 

±^mm=t) /)< 6 2 . 8 - 9 8 at%. iiriBS¥ J: y a« * 

tifc^jBTc^co^McDlS^Jt (±^mM=Fi / ( I n + 
S n+^^Jgm^) A<2. 0-37. 2at%-e. tt:^}a 
tfi;^;!><5x 1 0-2Q . cmUlTr*fe^^1b![^^^gtt:ANi^ 

[IS^Sl 7 ] ^lSxfi-l?<7)^^;SSA< 1 2 0 0- 1 6 

[St*iB9l r-— 'jr^-J^xs-eajT-— •jv^'^ss 
A<2 0 0~1 0 0 0°C-C35-5. SjRJesizSBKW^^a. 

[000 1] 

1= J: o-rS^SSSK^SSit- *ISg(=ffiffl*^tSX/<-:/ 
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*)>f^-*fv h (KIT. m~ r^— y-y (-J 
[O 0 O 2] 

[0 0 0 3] ;za>S«IA^SiS(=I^S'<7a>iS9(0^<0;!i< 

fIfHa>SBjaffiKI^±*<*HS]-r-5J;3l=LTX^— 
t)C<Oil?SmffiS«ro 3 *,fl>-:^7!)<A;tiffiffliJl=<2S LTtN 

'St>*)Wffi©i5a*<»ix. €>tifcfiiRff «>fiaffi«i=is i:t: 
fr§B(7>^SA<jbax. i:>M=.Wfi<n*SLm.mmMmw^\^^n. 
[0 0 0 4] cotzif). 7i-a^Aa>^ -y^f^^Mzm 

-So A:*DSjg©lRl±-Vi><55H§^^i1b(=S*-r-5jfi 

i**<tj:y, V— h»tfi;/)<8oon/D~i o kQ/a 

filt <t JBSaStat? -S C t A<S« * ih. -6 (=S o T 

So 

[0 0 0 5] SqqS«iS^L.T(i«£«J:y!|^3ia<)ISjS^ 

WIISJi(=J;oTJKJig**Ufc I TOK<7)tb»6tl±-|JftlC 
5x 1 0-40 . cmy^mtUi), Ltzi}<r)X. ZOiiO 

Ui ToK^fflt^TWK.tfv— h»ta;*<8ooQ/n© 
mgJSi:|f«;l=»<-r'5j«^ilA<feS<, UA^LtfAt^. c 

i.^ ( mm<r>^:^tim& (m^:*:^^ti)ifi^) m9o~9 



[0006] IT 0^<fe y tSmmiStniro^i: UTI*. 
Kib 'f > V t7 A (c K^bgg <5: ^^(cS^b -It 'T m J: i;/ * fc 

C)^^■Cl,^4 (!^B3sp4_20 64 0 3#^«#{«g) . C 

roaiB^sa^ii, MfEi:f?sicj;tL(S. m^a-Amm 

SSSiaic <fc o Xi^m-t S c i: *<* t, L U^]SB^®mK 
[0007] 

[f6WA<»*LJ:3i:-r-SSS] L7!)>LJti:A<e>. ±15© 

J;oT^K»s-rslt^(:^^b!ta*^bnc-59-y•v s^fi^s 
■t^t. mit^-<mi3^zfmit7jvs^-0^*<mzm^ 

ti&i^^X'&^:Ltt>^h>, ag'S'-^y-y hrott:«}Sta^A< 
Sft<)i:-r-S)^*SStt<fc<i§-5ci:A<Slli-e 

/^-v-si 'J >cf}Hztt'<xmi^mis.i}^m.< 
[0 0 0 8] #^^1— -sr-y h^ffiL^rsj&i4x/<-v^ y 

>'^^^T5^<^:^=J:y, ilS!tX/^y^^y>^^a^=J:or 
tejL L o-D @ 6<) t -r -SSM^SKS SHI- •5 c i A< 

x/^-y^ y ii'S©x/'?'v^ y V';^j4-vi>^ib 

■Cfi)cK^(c^A-r S^^Mfl>*J»^ «toTiSSg(cff d 

[0 0 0 9] *:5IB.S(7)Sfl*)(±. httfitA<«lta8 0 0 

y v-yj* J; o r ss(=Sfli-r ^ a'rt^'S ^ -y-v 

h *J <fc Sflt-r * c t (r S . 

[0 0 10] 

aawi^tt$«-r*K<bi^^ja<**^-'y"y ht Lxm 
^.^«;Itl=J:y. ilsstx/^-y^i y >^^il=J:o■ct•>— 
^-StAA<«^^^8 o o Q/n~ i O k SiSB^^ 

[0 0 1 1] *:fBWIi±tH<»*aM(=S-:Jl^T^fie**ifc 

tro-efey. *fgB^(©$— h(±. -oi^OA (i 

n) ^'^'V (T i ) . -r yix-tJA (1 r) . -T h 
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•J'i^A (Y) , (Cr) . iyJ[.Zi-OUx (Z 

r) . /\y-'yjx (Hf) . ^ty^Jl^ (Ta) . =l/<;U 

h (c o) . exvx (B i ) fcj;t/v>:tf> (Mn) 

t. mm (o) <h*ii/ac7um^L. mtm^^)m^^*i 
tz^m7tm<DBmo>m=Fit (±^mm^) y ( i n +± 

<*S»fii:*;5<5 X 1 0-2Q ■ cml*lTT?fe^C^ 

1J <tL^5o ) o 

[0 0 12] *tc. *%wa>fiba>^">f*7 >r>v 

't7A ( I n) *5cJ;i;^ (S n) <t . (T i ) . ^ 

U V't7A { I r) , -r^V hU't7A (Y) . ^PA (C 
r) , 5;yU=I-'!7A (Zr) . iW-^M. (Hf) . ^ 
>^;u (T a ) , h (Co) , eXTX (B i ) 

n^xS^>iS> (Mn) ;^)^^7^i:^l$<fcl'JilS^tl/■0>tf 

< ^t, i«<7>^M7c*<t. mm (o) <t^«ia7c^<t 

L. fIIH-r>i;?'t7A (I n) (DK^tbl n/ (I n+S 
n+±±mmi-) ;!)<6 0-9 5at%. SrfE^ (Sn) <7> 
jS^JtS n/ ( I n+S n+±#Sl^T) 3!)<2. 8-2 
Oat%. fraB-r>v'i7A (In) tWIHSB (Sn) 
^MCO/S^Jt (I n + Sn) X (I n+Sn 

?&<6 2. 8-9 8at%. B»fBS¥ct ySK^+lfr^M 
7uma>fi^a(/>lH^Jt (±#H®^) / (I n+Sn+± 
#HS^) ;!)<2. 0-3 7. 2at%-^fc^»1b!teltt$g«: 
A^'^Jj^y. tt:^}gta^75)<5 X 1 0-2Q - om\>XT^&^ 

T2J ^tLxdo ) o 

-r>vOA ( I n) m.itmt^ (t i ) . -< g v 

't^A (I r) . -f^yhUOA (Y) . ^PA (Cr) , 

v;H3-rt7A (Zr) . — (Hf) . '$i>^;t/ 

(T a ) , h (Co) , eXVX (B i ) ^^XS 

-^lyiSly (Mn) 7!)n b?E»:^l¥c): U MK^:H/--'>?^cf < <t t 

t^i^^jg-r-sttssxii^ts^^. >r>i;oA (in) 

(T i ) . -r g vOA (I r) . >r*:/ h'j't? 

A(Y).<7PA(Cr), v;U=l -ft^A (Z r ) . /\ 
:7 — ^A (H f ) , '$1>^>U (T a) . zi/<;Uh (C 
o) . tfXTX (Bi) (Mn) 3!)^&^^ 

(o) t^mm7tmt\.. mtm^^jmvi'^tifz^m^t 
moumaym=f-^ {±±mm=^) / ( i n 

-?-) 3!)<2. 0-4 0at%T% -t*«gta^A<5x i o-2q 

^z.t^wmt-i'^ (^:lTC(D:&;^^ r:*;*ij <b:L^ 

■5o ) o 

[0 0 14] *«60^(Dte(D^— h<7>Sjt*a 



li. -ov^^A (In) ^^ki^iifccfcr/^ (Sn) m\m 

(T i ) . >r 'J vOA (I r ) , ^> hU^ 
A (Y) . ^ PA (C r ) . v^UP-'i^A (Z r) . /N 
:7 — r;7A (Hf) , ^>^J\^ (Ta) . p/<;u h (C 
o) , t*X^X (Bi) fccfcI/^V>:(3> (Mn) ^Nb^f 

<tS#^. ^>ix'i7A (In) tS^Xfm (Sn) ^ 

^> (T I ) , -<U v'!7A (I r) . -r*:y hUOA 

(Y) . ^PA (C r) , iyJl^zi—^A (Z r) . /\y 
— '^Mk (Hf) . '$i>^;U (Ta) , p/<;uh (C 
o) . tfXVX (B i) t^J:lf-^>-ff> (Mn) 

^m^^)mvl^*lfz(}.^tJ:<tiJ^mo±m7tmt. mm 

(O) ^^«lS5c^<tL. HfItB>r>S>'t7A U n) (Dm 
^It I n/- ( I n+S n+±*SS^) A<6 0-9 5at 
%, SrtBffl (S n) Om^itSn^ ( I n+S n 
Ml^^) A<2. 8-2 0at%. mE-C>i>OA (In) 
<tB^IB^ (S n) t<D^m(Dmi'^ (I n + S n) / 

( I n + S n +±^H11^) A<6 2. 8-9 8at%. SI 

tm<i^ ^jmn^^tz^mTtmcDrnm- commit {±^mm 

^) / ( I n+S n+±#Bll^) 36<2. 0-3 7. 2 
at%T?. tt:|gSta¥*<5 x 1 0-2Q ■ cm\ikTX*&^M 

(iUTc<7)*;i* r^aiij tl^5o ) o 

[0 0 15] 

TpiMlclttB^'r^o *-r. *^0^CD^->r^v KT 1 iro 
U^rSi0^"r^<t. :i<D^—f^y hT 1 li. ±i£L^c<*:5 
\Z^>i>OA (1 n) t. (T i ) . Ui>OA 

(I r) . hU'^A (Y) , ^PA (C r) . 

P— 't^A (Z r) . — (H f ) . '$i>^;U (T 
a) . py<;Uh (Co) . t*X-7X (Bi) j5<J:t/"7> 
(Mn) 75^h>*i>»cfcyS«*;Kfc'>>S< ia 

C0^®7cm<t. (O) <b*«/a5cm<t L. «IfB(7)S 

(I n+^*]S/S^) 3b<2. o-4 0at%-(?fc-&»ib 
[0 0 16] ccT. ^^blSgKJaftlcfciNTJLfBOScfe 

^i^^ibifei^*Si**^-y*> h<t Lr^u^fcx/^^v^ g 
>y;±(Ccfcorf#t>*t'&S9^SSii<;>ltStfi;A<9. 6x 

^bfe^5Si*(7)tt:aj£fit^* 5 X 1 0-2Q • cmlilTfC-T 
^ c ^ ;6<Sit ( c /cP 3i)^ t» T? fe o 

[0 0 17] ^P,*l^iSB^^SK0it»ia*<9. 6x 1 
M^S^g/hMJl («I12nm) i: Lrt^<Z>S/— hS 
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tiit<8ooQyu^mtu^). i>— h^^taA<8ooQ/ 
□*jS-t?l^A:tl^ss)b<fS]-tLfcT:^ay5^:(7>^ 

mS.Lmtg:<tj:;S>o (*S«tS^;!»<5x l 0-2q ■ 

rtPiCp ) o 

[0 0 18] ±5Ba>KikJteHtsiatt:*^->f*v hiturffl 

^■r^C<t(rj:or> «tta9. 6x10-4-2. 0x1 
0-1 Q - cmCD^SP^t?. M>^7<7>J±Sl5tOjlB^^SP* 

[0 0 19] ffy^f*. A^ffiJS?&<lP)±LfrT:^p^Sa> 
^ ^>5^/^:^;^*^#^fci6^c^i. v- hSJ5t7J)<«Jto8 o o 

Q/n~10kQ/a. »*L<(*800'-5000Q 

/^n. cfcyw*L<fii 000-3 00 oQ/n. M(c 

L< 1*2 0 0 0-3 OOOQ/n-e. ik»ta3&<9. 
6x 1 0-4~2x 1 0-1 Q • cm. cfcy»*L<(i3x 
1 0-3-9 X 1 0-3n • cm. MlC»*L<(*6 x 1 O 
-3-9x1 0-3Q ■ cm-efe'5Se«S«K*»^Ci:A< 

It (±^HJS^) / (I n+±^jBll^) ^2. 5-3 
Oat%<b^-Sc:ib:*<J?^L<. 3. O - 1 5at%i:-r'& 

[0 0 2 0] *«|B^t?ii. ±fa(7>K^b1*i^iei*a>«:S« 

ta^^lJiSOcfc^lCS X 1 0-2Q . cmiaTrc|S5£-r 

ho ■^(7)S4f*s m\\i^m^^(r>w^mmt<^>^ i o 

-2q - cm^ffi^^i:. ^gS^^b1^^3iai**^-^^^v h 

<3t»:^;!)>b'r?fe^o ^^bifei«*gi*<7)i*^»tn:^l* 2 x 1 
0-2q . cmiaT-efe-SC^ L< . 1 X 1 0-2q 

• cmiaiT-C?a&-5Ci:A<i|#|C^ff*Ll^o 

[002 1] ^^b!|^^5^{*(7><*SSfii¥^5 X 1 0-2Q 

• cmJilT(C-r'&5^/)^^Ii. 3i3eSA<9 9%ia±a>Slg 

3|^*fflt^rffi«!&JS;b<8 o%isiJi-c?fe-&K^b%«3|gi** 

^^c<t;b<i^*UL^ frBS^S«<^j«Stt9 9. 9%J^X 
±-Cfc'5C<t75)<cfcy»*L<. 99. 99%iU±-C?&i» 



9 0%iSl±-efei)C<t;!)<cfcyjT^L < . 9 5%Ja±-C$) 
^C<!:;^^<S(c»*LU^o ^S^(7)Sl^b1«3SiK(*(7)t*:m» 
tfi;m}!)<5 X 1 0-2Q - cm*iix.^lS^fcri. i^SSSic 

H(riBoK^bi|^^$g<**a7c-r^;ii:ic.fcy. t*Sfifet* 

j&<5x 1 0-2Q . cmJaT<7>K^b«!lj$Si***i^Ci:;6< 
[0 0 2 2] S^bfe)^^(*(D*gj^^jS^8 0%)^! 

[0 0 2 3] Hri3^LtcM/^c*5cfct;±i&Lfci*«ffitft¥* 

li. ^S^-y-:; hT 1 (Di*a«tS:^3b<5 x 1 o-2q . 
cmJ^jlT-Cfe'5C<t;!)>^>. SjTlX/^^v^ 'J >^;i(cJ;o 
TiSB^^BHS^S^-T'S^ri^tD^-^r*:/ h^LTffll^tc 

[0 0 2 4] **B^(7)^— KT 1 *ffil>ycX/\'^>^ 
y >^;*(cJ:orf#t>tt^K(i. -Oi^-i^A (In) 
Sli^LycllckyS«^*tfr^jl7Em<b:. (O) 

JSS^) / (I n+^^jBIS^) 3t)<«lte2. 2-4 Oat 
%T&^^^b1^^-rrfe^o C(7)^^b1^^(cfcNt^pltl3t 

(7>SiS^(i^CDiil5>!)<2 O O nmCD<t^(cmte8 5%Ja 
Jl-Cfe^CD-e. ^i^^^bJtellili. ^(7>iIJl* 2 O O nm 

jiiTfc-r-sc^cccfcysB^^SKt Lr^aicflgffl-r-s 

[0 0 2 5] ^LT. c<7>3SB^®mflia>itseii±. Km 
ti#*6T^a>fflfi8*ffli:i)as-r^ci:(Ccfcy. am-r+t 
is±fH*«B^<7)^— hT 1 (D^Wi^^xsmm^^^ 

5ai:iaS-r'i)C^|Cj:y. ^Il:6<1 2nm(D<h^(Zffite 
9. 6x10-4-1. 2xlO-2Q.cm. mWt^2.0 
O nm(7><t*»C«Eto1 . 6x10-2-2. OxlO'lQ 
• cm<b-r^-<t3?)<plH|-C?fc^(D-e. ^(7>IKI1*<1 2- 
2 0 0 nma><t#(7>V— hffifet^StteS OOQ/D- 1 

O kQ/ni:-r*ci:7!)<prS6T*fc-&o C0)cfc5l::St\a 

^^^m^-f-j hT 1 f*a/7(D:^;iir<i:ysiit-r 



(6) 
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[0 0 2 6] :$^^BM(D^—^y hx 2(coL^rift 

(I n) (Sn) > (T 

i ) , v't7A (I r) , -f hU^A (Y) . on 
A (Cr) . v^Uia-'l^A (Zr) , — (H 

f) , -^iv^yu (Ta) . =i/<;uh (Co) . exvx 

titz<Ptii<tt^mo>^m7tmt. (o) t^mm 
TtmtL. frta-f vv't7A (in) omi^^i ny n 

n + S n +±ifeBl^^^) A<6 0~9 5at%. fttBSg (S 
n) a>m=F^SnX (I n + S n+:^#JSj^^) A<2. 
8~2 0at%. flfB-f>V'i7A (In) <tHffIEgS (S 
n) tO^ScDlg^Jt (I n+Sn) / (I n+Sn + 

±#HSd=^) 7b<6 2. 8-9 8at%. Htrfa(7>s¥.fcys« 

*Htc#M7C^O^S(Dll^il: (±^MM^) /(In 

+±^mmT) 7b<2. 0-37. 2at%-efe^^^bi|^^ 
[0 0 2 71 ;zc-c. m\mm^^mzm-fh>(:yi>^u 

(In) (DH^Jt. ^ (Sn) (Dll^Jt. -Ov't^A 

(I n) ^18 (Sn) <ta>^fi(Dja^=^Jt. 1^^xS±t^a> 

J±«tn:;{)<9. 6 X 1 0-4Q . cm*3|(C^f«'J^<<f^ 

-2q - cmJUT(c-r^Ci:?b<BttlC3&:S?J)^t>t?fe^o 
[0 0 2 8] ±tBa)ii^bJ|$5jt$Si**^-^*^v htLxm 

fi-f €>C<i:(~c*:-Dr. «lte9. 6x10-4—2. 0x1 

0-1 Q ■ cma>ffiar^-e. m^(r»tmy.(r>'mBmmm^ 
lz'^l^x(DmBM0^x&^fz^5iz. m^t^^mBMm 

E<7>K^b1^«jSi*lcfc{t-&>r>vOA (In) (DH^it 
I n/ ( I n + S n+±*JBIST) ^ 6 0-9 5at%. 
SI (S n) (Dm^ttS n/ (I n + S n-\-±^mm^) 
4 2. 8-2 Oat%4t-r'5;i<b*<**l:^^ff*LL^o 
[0 0 2 9] **0^a)^— >!f*y hT 2(i. mfA^lz{t± 

•tz^—*fv KT 1 (c^^lt^^l^l:s*;&^^5 X i o-2q 

• cmiUTlClS^^Ftl. ^S<*mSJ^t^fi2 X 1 0-2Q 
■ cmi*lT'r?fe'&C<b;!)<»^L<. 1 X 1 0~2q . cm 

[0 0 3 0] ^^b4^^3S{*(7><*faSta^*5 X 1 0-2q 



W^LL^o SirlBSlg*4a>$i6jt(i9 9. 9%J^±-t?fc'g)C 
^A<<fey»*L<. 9 9. 9 9%)Sl±-e&^Ct;£)<M(r 
»*Ll>o g^{b1*!i^$Stt:(7>*8J^^jSli9 0%ia± 

lc»*Ll^o ^*S^(DKib«3K*git(7)»:SS}ift^/)<5x 

1 0-2q . cm^S^-Sig^lcfi. fliS Ltc^->r^v h 

Hm*-C?7--'J >^ffliS*4TormlfBa)^^b4^^$gt*: 
4S7u-r^-^rc<fcy. (*a»Bt*;5<5x 1 0-2Q - c 
miaT(D^1b1^gfilS**if ^c<t;!)<T?^-So 3'cf^\ ^1b 
1«!l^*S«:a>ffl*tSjS*8 0%iiJL±(c-r^c<i:(i. 

M^^m'c'^^^^wt^hts.^^^Bm^-fv hT2 

hT2(Z>«:atttS^;6<5X 1 0-2q ■ 

xmrnnm^^mm-t^fzi^xiy^-vv lt^ln^c 
x/^-y^ y «ii^iiiSJaaRx/^>^ y 

[0 0 3 2] **B^(D^— hT 2^ffit^^cX/^*y^ 
y>^;trcJ;or»t>*t^Mfi. >r>vOA (in) *5 
cfci;^ (Sn) BjaiLfrl^cfcyiS^^tLtc^MTn^ 
i:. mm (O) i:*1«j«7cm<t:L. >r>i>OA (I n) 
(DBT^Jt I n / (I n + S n +±*aiST-) 6 O 

-95at%. mi (Sn) OUTJtSn/ (I n H- S n + 
^^JS/^^) ;b<«;te2. 5-2 0at%. >r>v^^A (I 
n) (S n) <!:(;>^S(D/lTJt (I n + S n) / 

( I n+S n +±#IS11T) A^aitee 2. 5-9 8. 2 
at%. B»5Ea>»J;yS«^**itc*M7c^(Dj^M(DJl^Jt 

(±^BIS^) X (I n+±#gll^) A<«£:te1. 8- 

3 7. 5at%-c?&^K^biK!i|gt?&-&e coK^bteKlcfc 

(t'&Pl|g3t(7>iSi®mii^a>^fS*<2 O O nm<7><t^lC«E 

tas 5%isi±-efe'S<7>-t?. ^iSK^bit^^fi. ^(7>imJ14 

2 O O n mJilTlC-r^CirlCcfe yigB^^ailii: Ur^ffai 

[0033] ^ur. ^(DjgB^^aiKDjtjafitfi. mm 
t#(S6-c^a>fflji84JiS:iss-r^c<h:icj;y. ^m-rti 

«-htB*«^cD^— hT2a>«fifiKfccfct/»K*#* 
®l:liS-r^C<hlCj:y. ^Il3!)<1 2 nm(D<t^(C«E:ta 
9. 6xlo-4~i. 2xlO-2Q-cm. MJ1;6<2 O 
O nm(7><t^fCl|S:te1 . 6x10-2—2. OxIQ-IQ 
• or^t^^^t'h^-^^X^h(r>X. ^CDKI1*<1 2- 
2 O O n m<Z> «i: ^(0->— httta^ffite 8 0 0 Q/D- 1 



(7) 
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0 k n/ai:-r-5ci:A<Plfi6T?fc^. Cfl)J;-5{cSl.^S 

[0 0 3 4] *f§?fl<D*-^ I iCOLNTljiB^-r-S. 

n) Mimt. =J'9> (T i ) . 'f Ui?';7A (I r) . 
-f h'J't7A (Y) . ■:7 0Zk (C r ) . -:;;uzi^>t7A 

(Z r) . /\y—'t>A (Hf) . (Ta) , 3 

/■CyUh (Co) , (Bi) fcJ;l/-7>^> (M 

KiBXSi:S#>0-C?Lx.S. KIT. S*4IBSXS. f&i&T. 
S *5 J: t/^SSXSOIllI? SiBJ-r ^ , 
[0 0 3 5] (1) is*4ilisaxs 

Croxg-Pl*. 'f>i?'5A (In) mimt. 

( T i ) , U i^-t) A (I r ) , h- 'J -^J A ( Y ) . 

^PA (C r) . i>J\,=i—'^M. (Z r) . /\7=.'t7A 

(Hf) . (Ta) . a/<;uh (Co) . ex 

(Bi) *5<fcO:-7V**> (Mn) -SP J: US 

Oil^Klbl^^if^, C<»;l^K<b!tel«>¥l^*iSl±s ^ 

is-r o . o i ~ i o ju m 

■efc.i)CtA<»*L<. O. 1 ~5 //m-pfc.Sci:A<J: 

<bi^«)spjsiasA<o . 0 1 u m^mr'itnmi)<&^ y ^ 

<, 1 0/[/m*Jix*<t:;l#14A<ffiTU. 

[0 0 3 6] JigB«>;g&^1b?^^t#'i)(=fef=oTlt. ^ 
m$KE^^fc#Ja5J■ (-fVvt^A (In) <k±ffi<©aPJ:y 

ii#?**xfc#g3cm) (roL^rro^ibi^. i&im. mm 

KJS. 7KK<b!|S!lliF^^ll*4<!:Ur«l,^€)Ci:*<-c#-6o 
yW*L<l*99. 9%)il±, i^(=»*L<(*9 9. 9 

9%ju±T?3b-s. mmnmm&t^Q 9<)i,mmvit. mm 
jEf »^b«J«lS^**^#■6 ;i t trnwuz ^f ^ fc y . a w t -r 

[0 0 3 7] ^i&ii-a>mmmtLxmit<iii^m{.^mi^ 

t»»-:1#-r-5c<i:(=J;ysWi:-r-S;1^M<b«5i&l§-S 
ci:*<T?#«,, ^(7)i:$. t»» • S^O^FbII* 1 ~ 1 O 

o^raj!)<»*L< s <fcy»*u<(*5~5o^iyj. i^ic 



L < li 1 O ~ 5 O^FsTe&'i), 1 
*<^+»(cfd:y^<. 1 O O^rBT^Jg^^irig^W-e^C 

L^, • ;g^B#a)i£)Slr-^L^T^#slJ^f*llSl*^fl.^A<. 

[0 0 3 8] #)S^i-(0lglS*4<tLTK<b!feiian© 

fJIBrojg^SSf ic J: o rt»»-r * - <b (= J: 
y SMi:-r-S;1^K<b1&*»-S;i<t*<-e#«, ^<Di:# 
O^gJKjSlt fc J: U^iE^^IS! (t^)S*4a>@!ISlc t J: S 
«l*38 O 0~ 1 6 O 0°C-C 1 ~ 1 O 0^rBl*<»*UL^. 

8 o o'c^m-^t-it 1 e^fs\mm-vitmmn<o^»m*^^ 

+^tUi')M,<, 1 eoo'-cS^^SA^^fciii ooB# 
;i y ^ < <f «); y Lt^^g^;s^^fc<fe^/^5^^FB^<i 

1 0 0 0~1 300''C-t?2~50ftB!lT»fc.S, 
[0 0 3 9] J:i$Lfc(5^ • *»»«iafi1 lHl■Ct,J;^,^ 
ffi^1^^1»»L-C^#fc;l^^^b1&l=-^l^rMlc^5^ 

=&)a»romji*4.h LT^^b!|^^ffll^r±i$Lfc^5^ 

[0 0 4 0] ig^<DJt^!fe)*<-Ji^#f=;1^^1b!B!|-efc«. 

Lr<D^<b!t^T'tei)^^(7><S^jg^teck 
l/ffiJ»B#FBltW*3 8 0 0-1 6 0 0°CT? 1 ~ 1 O O^FbI 
Ll\ 8 O O'teTlsjS^fcl* 1 ^BSJ*^T?(*lfell« 
<7>lft»»*<:F+^i-<t^py^<. 1 6 00°C^@X•S*^* 

(Dm^iti}<&c: y a < nfi.. «fe y Lu^^5«is«*5<^: 

lfiS.^t^Wt^ 0 0 0~1 300''Ct?2~50ftlffl-t?a5 

[O04 1] aWi:-r-5;l^S1bifj!l(t. ±i$a>J: 

5(=Lrl#fc;l^K<b1*l*jS*4-r.5ci:(=J;ort. ft 

«5i(=J:yfr5ci:*<1?#i.o ittt*x:;f U— K^'f ^ 
■t?fT51i^(cl*, BfrIB<»;l^^^b!B!i=tL< 1*^11*41=-:) 

=1— ;us?a>/<-f >y-^aiilOUfc5Sj8*ffll,^<s, 3t«t* 

it«ai^<7)¥l^*ftg*< 1 ~ 1 O O m. L < li 5 
~ 1 O O A« ms L<l±1 0~1 OOyii mICJtCi) 

¥iaSigA<1 0 0|/m*iixi.<tfigJK^<7)3iliStt-\>3fe^ 
[0042] (2) fS.it}S.m 

^<»XS-C'I*, -htB<DI5^^SISxS-C»fc;I^K<bia 



(8) 
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I P ()ftH»*EE) .HIP (!»Fb1»7K/E) »a>*;4-e 

1 Okg/^cm2 -1 00t/cm2 A<»* L < . cfc U 
»^ L<li1 00kg/cm2 '-100t/cm2 "Cfc 

[0 0 4 3] mmmjim 

1 20 0-1 6 O 0**CA<Jf*L<. cfcy»^L<(i1 2 
5 0-1 550*'C. M(C»*L<(*1 300-1 500 

^'cr^fe^o ^ ^oo'^c^mxit+^tn^M^mim^^ 

mfSi:m^ztf>mmx&^o *fc. i eoo^c^ig^ 

tcfc^;5)<. 1 -50^fe1A<»*L<. cfcy»^U<fi2 
~3 0ftFHl. if$(c»*L<(±3-2 OB»Blt?fc^o m 

m^mxitmmt<+^{z'i7t>^-r. somm^m^^t 

il7utt:b*XlSH«. A r . N2 *<r>^Sf4^X#iEa*< 

[0 0 4 4] )^_hlttB^L^cS3p4iiaSXfi. i«}^X|i33cfc 
[0 0 4 5] -T-— U>^X|i 

zcDumxits -tSBojasgxg-etf ^Hfc^^bifeittSi* 

<7>t*:Sffita^;!)<5 x 1 0-2Q ■ c ^g^TU>^ia^ 

f^tkm^i^T^itx. m^t^hi^m^ijim^m^^m 
ti'Sc a7c#Hm<t LTi*. H2 , co^<7)a 

7u14**x. Ar. N2 *<0:T^;S14**X(0#H^;5<^if ^ 

[0 0 4 6] S^Tlcr-~U>^*tT5ii^(?)r-— 
U>^ajSf±2 0 0- 1 OOO^CA<»*L<. <fcy»* 



L< (i2 o 0-7 O O^C. Ml::$?^L<li2 0 0-5 0 
O^C-Cfe'So 2 o 0^c*;1ST?(i+5^^?Sa7c?b<tTt)^r. 

<(i2-3 0^ra. Hi3»*L.<(±3-2 0ftra-efc 

[0 0 4 7] ^fc. ilTcSamTlcT-— U >y^fTd 
ii^(7)r-— 'J ><?';SS(^:2 O O - 1 O O O^'Ctm^L 
<. cfcy»*L< 1*3 0 0-1 OOO^^C. S(C»*L< 
fi4 o o- 1 o o o^CT?fe'§)o 2 o o^^c^S-eiiH-^J'cj: 
a7C3!)<fT*:)ti-r. 1 O 0 0"C**gx.^<5:ig,^W-e35:l^o 

>^^Hii-ttB<t 1 - 5 omntm^ L 

<. cfcy$7*L<(i2-3 O^ra. Mlc$?*L<(i3- 
20J^mx^^o ±^(D<iz5{zLX7--0><fLtz'^ 

ommmt. r--o ></m\zit-<x^(o&^<m&itr 
[0 0 4 8] m^Lfzmnmmj^m. mmT.m^<^ifm 

$gxg*ff5c<b(cj;y. mi^Lfzm^Jim-^ 

5 X 1 0-2Q - cm)>JiTX&^Z.tf>^^. lSaSEX/<^V^ 

^j^crmz^-Dxmminomco^—^-j h^tLxmi^ 

»fitA<8 o o Q/n- 1 0 k QyncDm^mmmim.^ 
^ g <fe o r u rs^-r ^ c i: rt^*^ - 
[0 0 4 9] *^0^cD*)illicoLNrl$iB^-r^o 

n) mim^^ism (sn) ^^bifei<t. (t 
i ) , ( I r) , *y h'j't7A (Y) , 

A (Cr) , (Zr) . (H 

f) . -Si^^^U (Ta) . P/<;Uh (Co) . eXVX 

(B i ) te<fct/^>:tf> (Mn) 7b^i^/d:^»<tya«* 
;Kfc'>?S:< <bt 1 M(;)*Jl7um(coLNr<D^1b4^<!:(7);l 
^i^<b«3^#€)S*4iaSx|i^. ^tBlS*4iHS^xfi-c^# 

i^>*tfc5i^Kibitei$iaj^-r€>jaj^xst. wiBjaji^x® 
■e^&i^^^/■r;3tff^^^9*«lla-r^^j8xa<^:^#^-et^^o 

[0 0 5 0] SPS!liSxSr*l#^;l^^^b1^ 
^rVv'^A (In) K^b1^<b-bfiBa>llcl:yil«^*l 

fc'><c< ^ 1 1 «<7>#B7C9R(coixra)K<b«ii:a)ffeic 

g| (Sn) ^^b!f^^^^-c?L^^i§-r?Hll33iLfc*?i I <»:S 
^a>^^^n\t. lg*4i)ISxfi. fiJcfi^x^ifccfc 

t/«saxar*^4x^tii?ri^Lfc:^5i i tWimzx^x^io 

;K^o Lfc)!)<oT. ifffc(C*D:botcig (Sn) ^^bl^lC 



(9) 



9 13 4 



[005 1] y5}i\ mnmm:J^wz^i^x±td(D 
m (sn) mmi:^A,vi^^m^mitmi:m^t>\fv 

A (I n) mitmz-oi^xommmis^is±u(Du^^) 

ommmom::. m isn) iz'oi\x0mim. ^it 

mntLxmi\ E^tr^mfno^-^y zm^ 

■r^c y3}i:\\{z^i^x^mi'^^mmm(Dmmt. sjai 

Lfc*?± I lcfclt^i:|^Il:^S;{)^»i9 9%)i<lJi-Crfe^c 
<t35><»*L<. c):y»*L<fi9 9, 9%ia±. i^frW 
*L<(i99. 9 9%ia±-Cfe'g)o 

[0 0 5 2] mnm&Jim. mmjim^^ifmti&jcm^ 
&xmzMimmm»oi^m&tjimt<5 x i o-2q - c 

5x 1 0-2Q - om\iiTa>mit^mmi*i^m^^tt)<X 

{zLXff'^:itf)<X^^o 
[0 0 5 3] SifsHllSXli. i3t}i^Xfi*5cfcl/^*gXS* 

(cjsi:r±fHa>T--'j>^xfi*ff5c<b:iCct:y. a 

CCO^— hT2ri. inaiLfc^— KT 1 <i:|5|4$ 
«::i*a»fii*35<5 X 1 0-2Q . c mJilTt?fc^c<t;&^ 

^ t Lxmi^tzm^i^^^'m^mtmm^tifz^jm 

hT2fi. V— hgjn:;!)<8 o o Q/n- 1 OkQ/'DO 

[0 0 5 4] 

ii%«iji 

( 1 ) mm(r>mm 

(In203) t»3R (¥iSaSlXim) 26 8 gt3ffiffi9 
9. 5^(Dmit^^> (T I 02) t»* (¥1£)S^1 U 
m) 3 2 g<i:^^]l3p4<t LTffll^. C »^ $X ^$1 y — ;u 

jaM7t?-;u5;u-e2^rp1;l^Lyco !#t>tLf=;E^|» 
1 o o o^c-es^reiiK^Lfc^. i# 

^(C/KU-f 5 Kfi/K-y h(rA*v. JSMtK— ;u 5 2 ^ 

U>^3^S : HSM 



^>t><»:^¥i$lSSl 0/im<7);S^K^b4«3S#fro 
[0 0 5 5] (2) lafl^ 

iCcfctJ 1 O O k g/cm2 a>JE:tiT*^<ifiJtJ^^ffoyc 

.^Pat*7KS^UX;a^a-e4 t/cm2 0E.t^XE. 
S^bUr. Sg4. 1 >r>5^. Jl$5. 3mm(DRffitt 

[0056] ( 3 ) ^SS 

±K(Df3im^^mm^izx*i^ ^%nm%^^ 5oo**c 

-T?4Btrp1«J±«lBLT. ^^b!fe)^jgt*:*^#fco ^JjlC. - 
a>K^bifel^jgi*(7>a®W®*tToT-t(7>>^#**ilS4 
-f>5^. ll*5mm^L. :i*l\Z^ -oXE^t^ ^Skit 

h- (ffi^^)S9 5% : ^-^^ 
•VhTKDIO) ^#fco JibB<7>^— h;t)>b 2 Om 
mx4 0mmx5mm(D^Xhe— X*^yt±SU. -^(/J 

he— X^ffll^r. -tr^a— ^^XH (^*) S(7>SPS 
-1 5 0 0 VR^mi^fz I C P5i^«f (^®1!SB-3^^XV 

ft-:5lvT-f (In) commit I nX (I n + T 

i ) fccfct/5^^> (T i ) <Z>il^JtT i / ( I n + T 
I) ^^mzo C+uP,a)3SS$S2|C^-ro 
[0 0 5 7] (4) ^—VvVOm^U^ 
±fE (1) - (3) <i:|Hl«lzLriSS4>r>^, 11^5 
mm(7>n««$Mt-^^^bifei^Sgi*;()x^n*:^^-<7^»> h 

fr-easBEi ooB#PB^^Tl^. c:(DrBi(cfcMt^M«tta<7>^ 

(7>^<7>*ffllV /-K>r^ LT(i>r Vv't^A^g 

[0 0 5 8] (5) SB^aSKOSll^i 
-LIB (1) ~ (3) <tP«fcLriES4^>5^. 11*5 
mm(;)H««$M-r'2)^^b1«!i^Jg{*;!)^i^J^C^^-y^v h 

fflL>rT8BSifra>m5Svy^^ hD>x/^>^ y v-yiccfc 

y. 5 cm (fS) X 5 cm (SI) x 1 mm (II*) 
^^OMTJiyti^J^^^T. (=1— ->yttS<7>#7 O 5 

9) ±icKiii 5 nmom^^mmmimmLfzo 

[0 0 5 9] 

5 2 (a?*S4*m (») SI) 



(10) 
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mmm^ : o. 2 

®A:^''X (llffla:tfX) : 9 7V0 
^^XaSM : 1 o S 

::^L/X/^*>^1E:^ : 2 x 1 

X/<*V^ 'JV^IE^I : 2 X 1 

[0 0 6 0] ±ai(D^#-e^/^;h-yrigB^^^^(COLN 

>ttii<7>D E KTAK3030 * ^ L>fcM$+;i(c J: ^ ;1) 
SL. ^<;>"i>— hgfiiliH^^ft^bttScDPUX^ FP^ 

(cK©*Si:^Ci:frcfcyScaiLfco JiIE<7>2 
B^^^P(COU^T. :^m*lwfclNT 1 3 0'='C, 4 O O B* 

a>«s*sa3(c»iB^^o 

[006 1 ] llfiE«>J 2 -HffigiJ 1 4 

(1) (3) <h:iHi«(cLTis*4c7>iiasi. mmts^ifm 

^^-y^^h (^-y*:; hT ia>1 o) *lt2ftrof# 
fco ©cti^tD^— y*:/ hJcoixr. IIJ6CiJ»(c2tt(D 

l^x(DmBmmm(Dmm^mmm^ (4) *yc(i (5) 
fzo c*iP>a>$sa*a2^tri*S3(r^-ro 

[0 0 6 2] 5 

*l-e4^«L^/cc<^:l^^r^^i||J6^Jl|1 ^^) ^ (3) tmm 

10) ^nz^imfzo :i*ih><0^-f^y ^(D5iE><D-yj 

imi^x^oitim^tamommts^^ifmrni^m^mmm 
1 tmmzLxmK i&^jCD^-^y h-^mi^x^om 
^um^^if^^^-"/-^ h-^mi^xomBMmmmo^m 
m^mmm^ (4) ^tzit (5) t^mizLxm^ m 

^mmm^ tmrnizLxnti^ytzo ctL^(z>s^^a2^ 
fcf*a3(c^-ro 
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